The proximal spread of carcinoma of the bronchus has been classified by Cotton.' This classification is used to describe residual tumour on the bronchial margin after surgical resection (table 1). The primary tumour may spread proximally either along the bronchial mucosa or along the outer bronchial wall (outside the cartilage) and peribronchial tissues. The outer bronchial wall and peribronchial tissues may also be invaded by nearby metastasised structures (usually a peribronchial lymph node). The primary tumour may also spread proximally by permeation of lymphatic vessels. Tumour may therefore be detected histologically on the mucosa or in the outer bronchial wall and peribronchial tissues of the margin of the resected bronchus, or permeation by tumour cells of submucosal or peribronchial lymphatics in the bronchial margin may be seen.
The effect on the patient's survival of histologically reported tumour at the margin of the resected bronchus, and by implication on the bronchial stump, has been studied by several workers. It has attracted interest because of reports that residual tumour at this site need not adversely affect survival, particularly in patients with mucosal malignancy. Patients with small-cell tumours or with extrapulmonary spread (other than mediastinal lymph node metastasis) were not included. Actuarial survival curves for the three main groups-those with mucosal, peribronchial, and lymphatic malignancy at the bronchial margin-were constructed.
The survival of a group of 90 patients (from the same period) with mediastinal lymph node metastases but no tumour at the bronchial margin and of a group of 296 patients (from a shorter period) with no spread apparent at surgery was also examined, and survival curves were constructed. Carcinoma-in-situ change in the bronchial mucosa was described in nine patients, of whom six survived five years. The other three died of metastases but did not have local recurrence. Invasive carcinoma of the bronchial mucosa (direct extension of the primary tumour along the inner bronchial wall) was found in 29 patients. Three of these 29 had mediastinal lymph node metastases and died within two years. Of the remaining 26, nine have survived five years. Eighteen cases had peribronchial malignancy. This appeared to be caused by extension of the primary tumour in five cases and by invasion from nearby metastasised structures, almost invariably peribronchial lymph nodes, in the remainder. Only two of the 18 survived two years, and none three years. In eight cases the lymphatics at the margin of the resected bronchus (either submucosal or peribronchial) were seen to be invaded by tumour cells in the absence of any other malignancy of the bronchial margin. Seven of the eight were associated with metastases to hilar or mediastinal lymph nodes. Four of these seven patients died in the first year and three in the second year. One patient who had no apparent lymph node metastasis has, however, survived ten years.
Survival curves for the three groups with mucosal, peribronchial, and lymphatic malignancy of the bronchial margin, with the survival curves for the 296 patients with no spread apparent at surgery and the 90 patients with mediastinal lymph node metastasis but no other spread, are shown in figure 1. The survival of the 26 patients with tumour of the mucosa at the margin of the resected bronchus (if the three patients who also had mediastinal lymph node metastasis are omitted) was much better than the survival of patients with residual tumour in other forms, and almost as good as when no spread had been apparent at surgery. The difference in survival between the two groups with tumour of the mucosa at the bronchial margin and with no apparent spread was not significant; but the survival of those with tumour of the mucosa at the bronchial margin was' significantly better than the survival of those with both mediastinal lymph node metastasis and the other forms--of malignancy at the bronchial margin (in each case p < 0-05 at six months and < 0-01 at 12 months and thereafter with Student's t test, standard errors being calculated for the survival probabilities of each group at six-monthly intervals to five years).
Of the 26 patients with mucosal bronchial margin involvement, only seven subsequently developed a macroscopic recurrence of tumour at the bronchial stump, and none developed a bronchopleural fistula.
Discussion
The effect of tumour at the margin of the resected bronchus has been previously studied.25 Carcinoma in situ is by definition non-invasive, and has been reported not to affect survival2; this was confirmed in the present study. The poor survival associated with peribronchial malignancy at the bronchial margin has been seen previously2 3 and in the present series no patient survived three years.
Permeation by tumour cells of lymphatics at the margin of the resected bronchus is generally associated with metastasis to the hilar and mediastinal nodes to which these lymphatics drain. Survival is poor; 14 patients with lymphatic permeation from the series of Soorae and Stevenson2 all died within 18 months, and in the present series seven out of eight patients died within two years. One patient without reported lymph node metastasis has, however, survived 10 years, suggesting that tumour cells in the lymphatic vessels of the bronchus are not necessarily deposited as lymph node metastases.
Mucosal malignancy (direct extension of the primary tumour along the inner bronchial wall) is Law, Hodson, Lennox associated with much better survival. Soorae The explanation generally offered for this long survival despite apparent incomplete resection of tumour has been that an immunological reaction might destroy residual microscopic malignancy after the main bulk of the tumour has been removed.24 This seems improbable, however; recorded instances of long survival despite incomplete resection of other tumours are scarce.
Prolonged survival might in some cases be explained by the extension of microscopic tumour to the point of surgical division of the bronchus but not beyond it; or tumour confined to the distal 1-2 mm of the bronchial stump may become necrotic with proliferation of avascular fibrous tissue during healing. An alternative explanation for prolonged survival is that a histological report of tumour at the margin of the resected bronchus may reflect an artefact, and may not imply the presence of tumour on the bronchial stump. Two mechanisms can be proposed whereby a surgical division of the bronchus proximal to the tumour might be reported histologically as having passed through tumour.
The first mechanism depends on the fact that the bronchus is an elastic structure, and when surgically divided tends to retract in a concertina-like fashion and to close over the lumen (fig 2) . When the bronchus is divided the distance between the point of division and the tumour in the bronchus is therefore reduced. A ring of bronchus is cut from the bronchial margin and incorporated into paraffin, and sections are taken for histological examination. The distal end of this ring may contain tumour because the resected bronchial margin has been brought closer to the tumour. The distal and proximal ends of the ring of bronchus may be confused, and sections may be taken from the distal end. Tumour of the bronchial margin will be reported from these sections.
The second mechanism derives from the fact that resected lung is kept in formalin for fixation before sections are taken. Shrinkage may occur in formalin, and as well as accentuating the first mechanism the shrinkage may be irregular and produce distortion of the bronchial margin (fig 3) . A complete ring of bronchus is required for histological examination for malignancy of the bronchial margin. It is necessary to cut more distally than the original surgical division to obtain a complete ring because of the distor- We would like to express our thanks to the physicians and surgeons of the Brompton Hospital whose patients we studied. We would also like to thank Miss S Hockley for secretarial assistance and Miss M 
